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Objective: The aim of this study was to address the association between cerebrovascu-
lar disease and adverse outcomes in coronavirus disease 2019 (COVID-19) patients by
using a quantitative meta-analysis based on adjusted effect estimates. Method: A sys-
tematic search was performed in PubMed, Web of Science, and EMBASE up to
August 10th, 2020. The adjusted effect estimates were extracted and pooled to evalu-
ate the risk of the unfavorable outcomes in COVID-19 patients with cerebrovascular
disease. Subgroup analysis and meta-regression were also carried out. Results: There
were 12 studies with 10,304 patients included in our meta-analysis. A significant
trend was observed when evaluating the association between cerebrovascular disease
and adverse outcomes (pooled effect =2.05, 95% confidence interval (CI): 1.34—3.16).
In addition, the pooled effects showed that patients with a history of cerebrovascular
disease had more likelihood to progress fatal outcomes than patients without a his-
tory of cerebrovascular disease (pooled effect=1.78, 95% CI: 1.04—3.07).
Conclusion: This study for the first time indicated that cerebrovascular disease was an
independent risk factor for predicting the adverse outcomes, particularly fatal out-
comes, in COVID-19 patients on the basis of adjusted effect estimates. Well-designed

studies with larger sample size are needed for further verification.
Key Words: COVID-19—Cerebrovascular disease—Adverse outcomes—Meta-

analysis—Adjusted effect estimate
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Introduction

The disease, caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), has been named
coronavirus disease 2019 (COVID-19) by the World
Health Organization (WHO). Both the morbidity and
mortality of COVID-19 were so high that the health sys-
tem of many countries was on the verge of collapse.' To
help clinicians better allocate health resources, many
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researchers devoted themselves to explore the biomarkers
and clinic features which might be useful predictors for
disease progression.” * Recently, an article published in
the International Journal of Stroke by Aggarwal et al.’
indicated that cerebrovascular disease was associated
with increased disease severity in COVID-19 patients. The
authors evaluated the common risk estimates by unad-
justed effects and found that there was no significant asso-
ciation between cerebrovascular disease and fatal
outcomes in COVID-19 patients (odds ratio (OR)=2.33,
95% confidence interval (CI): 0.77—7.04). Coincidentally, a
paper reported by Chen et al. illustrated that cerebrovas-
cular disease might increase the risk of death in COVID-
19 patients in univariable analysis (OR =3.258, 95% CI:
1.658—6.402), but in multivariable analysis, it might not
be associated with fatal outcome in COVID-19 patients
(OR =1.379, 95% CI: 0.650—2.926). This suggested that the
association between cerebrovascular disease and adverse
outcomes in COVID-19 patients might be affected by
many confounders such as age, gender, and other
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comorbidities.” ' Therefore, this meta-analysis was per-
formed to evaluate the association between cerebrovascu-
lar disease and adverse outcomes in COVID-19 patients
on the basis of adjusted effect estimates.

Methods
Search strategy

A comprehensive retrieve was conducted in PubMed,
Web of Science, and EMBASE up to August 10th, 2020
using the following search terms: “COVID-19”, “corona-
virus”, “SARS-CoV-2”, “2019-nCoV”, “cerebrovascular
disease”, “stroke”, “cerebral infarction”, “brain infarc-

”oou o

tion”, “cerebrovascular disorder”, “cerebral atherosclero-
sis”, “fatality”, “mortality”, “death”, “severe”, “critical”,
“severity”, and “outcome”. References to previous similar

studies were also considered.

Inclusion and exclusion criteria

Studies were taken into account if they met all of the fol-
lowing criteria: (1) the included population should be
patients with confirmed COVID-19; (2) the method must
include multivariate analysis such as cox regression, logis-
tic regression, and so on; (3) the results of the study
included the association between cerebrovascular disease
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cerebrovascular disorder, cerebral atherosclerosis) and
the adverse outcomes (severe, critical, and fatal outcomes)
in patients with COVID-19; (4) complete and available
data were reported in those studies. Studies with larger
sample sizes were selected if the exposed population of
them originated from the same hospital within an over-
lapping period. Duplicates, comments, letters, conference
records, and editorial were excluded.

Data extraction and quality assessment

Two investigators extracted the following information
independently: first author, country, date of data collec-
tion, source of data, percentage of cerebrovascular disease
patients, adjusted effect estimates and confounders. When
a paper reported both multivariable adjusted hazard ratio
(HR) and OR, it was preferred to include HR because cox
regression took time into account. Two researchers negoti-
ated to resolve it in case of disagreement. The quality of
included studies was assessed by investigators according
to the Newcastle-Ottawa Scale.'' The studies with a score
above 7 were considered to be high quality.

Statistical analysis

The pooled effects were calculated by multivariable
adjusted effect estimates (OR and HR) and 95% CI,
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Fig. 1. Flow diagram of the publication search and selection process.



Table 1. Main characteristics of the included studies.

Author

Source of data

Country Date of data

collection (n)

Patients Age
(years) (%)

Male

Study CVA
design (%)

Adjusted HR/OR

Confounders

NOS

Yan X7

Zhao M'®

Choi MH?"

Guan WJ*!

‘Wuhan Third Hospital &
Tongren Hospital of
Wuhan University

Renmin Hospital of
Wuhan University

Armed Forces Daegu
Hospital

575 hospitals

Magleby R*> New York-Presbyterian

Hospital/Weill Cornell
Medical Center

China

China

Korea

China
USA

Jan 11-Mar 24 1004

Jan 1-Feb 14 1000

Mar 5-Mar 18 293

Dec 11-Jan 31 1099
Mar 30-Apr 30 678

62

61

29

47
NR

483 R

46.6 R

73 R

582 R
38.93 R

22

32

1.7

1.4
8.11

OR 2.606 (0.988-6.870)

HR 2.1 (1.157-3.809)

HR 4.71 (1.13-19.62)

HR 1.73 (0.73-4.04)
OR 1.24 (0.54-2.86)

NLR>11.75, high sensitivity
CRP, NT-proBNP, blood
urea nitrogen, HTN, respi-
ratory failure, digestive sys-
tem disease

HTN, diabetes, CHD, COPD,
chronic renal disease,
chronic liver disease,
malignancy

Age, gender, healthcare-
acquired infection, ECOG
performance status, time
from disease confirmation
to admission, time from
symptom onset to admis-
sion and confirmed, Initial
symptoms, Initial signs,
comorbidities, prior history
of drug use, KCDC classifi-
cation I/ll, CT score,
MuLBSTA, CURBG65,
pneumonia severity index,
age-adjusted charlson
comorbidity index

NR

Age, white race, obesity,
CAD, congestive heart fail-
ure, HTN, COPD, use of
oral steroids as an outpa-
tient, days of symptoms
prior to admission, symp-
toms on admission, highest
level of supplemental oxy-
gen within 3 hours of
arrival to the ED, chest x-
ray findings, viral load by
nasal pharyngeal swab
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(Continued)
(63 )



Table 1 (Continued)

Author Source of data Country Date of data Patients Age Male Study CVA Adjusted HR/OR Confounders NOS
collection (n) (years) (%) design (%)
Pettit NN**  The University of Chicago USA Mar 1-Apr 18 238 58.5 475 R 5(Stroke) OR 0.9 (0.1-6.5) Obesity, age, gender, HTN, 8
Medical Center diabetes, pulmonary dis-

ease, CVD, venous throm-
boembolism, hyperlipid-
emia, cancer, kidney
disease, CVD

Chen J® Tongji Hospital China  Jan 8-Mar 27 3309 62 49.62 R 3.9 OR 1.25(0.73-2.13) Age, gender, HTN, diabetes, 7
CVD, malignancy, CKD,
COPD, days from onset to
clinics, days from onset to

admission

Chen F* The Central Hospital of China  Jan 1-Feb 15 660 55 4477 R 7.9(Cerebral OR 4.257 (1.638-11.063) Age, HTN, SOFA, CRP 7
Wuhan infarction)

Hwang JM?* Kyungpook National Uni- Korea  Feb I-Mar25 103 67.62 50 R 4(Stroke) HR 0.279 (0.021-3.747) Age, diabetes, chronic lung 8
versity Hospital and disease, CVD, alzheimer’s
Kyungpook National dementia
University Chilgok
Hospital

Yang Y* Tongji hospital in Wuhan China  Jan 1-Mar 30 170 66 49 R 9 OR 4.4 (0.99-21.84) Age, gender, comorbidity 8

(CVD, COPD, CKD, CLD,
malignancy), history of sur-
gery, high SAT, high VAT,
visceral adiposity, high
SMA, high IMF deposition

Atkins J L?® UK Biobank UK Mar 16-Apr 26 268 74.3 30.6 R 4.5(Stroke) OR 0.93 (0.4-2.17) Age, gender, ethnicity, edu- 8
cation, prevalent disease
(CHD, atrial fibrillation,
HTN, diabetes (type 2),
CKD, depression, dementia,
asthma, COPD, osteoporo-
sis, osteoarthritis), previous
disease/condition (delirium,
pneumonia, falls/fragility
fractures)
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THE ASSOCIATION OF CEREBROVASCULAR DISEASE WITH ADVERSE OUTCOMES IN COVID-19 PATIENTS 5

Table 1 (Continued)

NOS

Confounders

Adjusted HR/OR

Male Study CVA

Patients Age
(n)

Jan 16-Mar 10 472

Country Date of data

Source of data

Author

design (%)

(years) (%)

43

collection

7

Age, HTN, hemoglobin, oxy-

OR 4.49 (0.67-29.82)

1.91

53

China

51 hospitals within Sich-

Xiong TY?’

genation index on admis-
sion, neutrophils, LDH

uan province

NLR, neutrophil to lymphocyte ratio; NR, not reported; HTN, hypertension; P, prospective; R, retrospective; HR, hazard ratio; OR, odds ratio; CI: confidence interval; CHD, coronary heart dis-
ease; CVA, cerebrovascular disease; CVD, cardiovascular disease; CAD, coronary artery disease; CKD, chronic kidney diseases; CLD, chronic liver diseases; COPD, chronic obstructive pulmonary
disease; CRP, C-reactive protein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; SOFA, Sequential Organ Failure Assessment; SAT, subcutaneous adipose
tissue area; VAT, visceral adipose tissue area; SMA, skeletal muscle area; IMF, intramuscular fat; KCDC, Korea Centers for Disease Control and Prevention; ECOG, Eastern Cooperative Oncology

Group performance status; LDH, lactate dehydrogenase; NOS, Newcastle-Ottawa Scale.

assessing the association between cerebrovascular disease
and adverse outcomes in COVID-19 patients. Cochran’s
Q-statistic and I? test were conducted to evaluate the het-
erogeneity among studies. The random-effects model was
applied if heterogeneity existed across studies (I > 50%,
P < 0.1), otherwise, the fixed-effects model was
adopted.'” Subgroup analysis and meta-regression were
performed to explore the source of heterogeneity. The
robustness of the results was assessed by sensitivity anal-
yses.'” Publication bias was evaluated by Begg's test,
Egger’s test and Deek’s funnel plot."* '° Stata V.12.0 soft-
ware was used to conduct all analyses.

Results

Flow diagram of the publication search and selection
process was presented in Fig. 1. Total 1429 documents
were initially retrieved, and 850 studies were remained
after removing duplications. 379 studies were identified
after screening titles and abstracts, and 12 studies with
10,304 cases were included conclusively after full-text
review.>"”"% Of those, 8 studies reported OR and 4
reported HR, and 8 studies reported the association
between cerebrovascular disease and the fatal outcomes.
Seven studies came from China, two from America, two
from Korea, and one from UK. The main characteristics of
the included studies are summarized in Table 1.

The pooled effects in our analysis showed that COVID-
19 patients with a history of cerebrovascular disease were
more likely to progress to adverse outcomes than patients
without a history of cerebrovascular disease (pooled
effect =2.05, 95% CI: 1.34—3.16; I? = 50%, Cochran’s Q,
P =0.024, random-effects model; Fig. 2A). The results of
subgroup analysis grouped by effect values were in keep-
ing with it (OR=2.19, 95% CI: 1.19—4.05; HR =2.01, 95%
CI: 1.15-3.53; Fig. 2A). In addition, we also conducted a
pooled analysis of mortality studies, and the data indicated
that an obvious association was also observed between
cerebrovascular disease and fatal outcomes (pooled
effect =1.78, 95% CI: 1.04—3.07; P = 60.7%, Cochran’s Q,
P =0.013, random-effects model; Fig. 2B). Sensitivity analy-
sis demonstrated that the results were robust (Fig. 3A and
B). No source of heterogeneity was found by meta-regres-
sion (all P > 0.05). No publication bias was found either in
Begg’s test (P = 0.631, Fig. 4A), Egger’s test (P = 0.327,
Fig. 4B) or Deek’s plot (P = 0.846, Fig. 4C).

Discussion

COVID-19 has caused a worldwide pandemic with its
high mortality and infection rates since January, 2020.*
Identifying risk factors associated with disease progres-
sion of COVID-19 is essential to guide clinicians in the use
of targeted medications. It has been reported that COVID-
19 patients diagnosed in intensive care units have a higher
mortality rate than patients confirmed in the ordinary
ward, which appeared to be associated with some
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Study effect %
D estimates (95% Cl) Weight
OR :
Yan X | —— &% 1353(3.16,57.94) 6.02
1
ChenF —_— 4.26 (1.64, 11.06) 992
Magleby R R e — 1.24 (0.54, 2.86) 11.23
Pettit NN ~+ 0.90 (0.10, 6.50) 3.48
Chen J —_— 1.25(0.73,2.13) 1494
Yang Y : - 4.40 (0.99, 21.84) 552
1
Atkins JL — 0.93 (0.40,2.17) 11.10
Xiong TY - 4.49 (0.67, 29.82) 4.06
Subtotal (l-squared =61.0%, p = 0.012) <> 2.19 (1.19, 4.05) 66.27
'
HR '
Zhao M —— 2.10 (1.16, 3.81) 14.16
Choi MH _—— 471 (1.13,19.62) 6.18
Guan WJ ——o-:— 1.73(0.73, 4.04) 10.98
Hwang JM - n 0.28 (0.02, 3.75) 241
Subtotal (-squared = 19.7%, p = 0.292) <> 2.01(1.15,3.53) 3373
1
Overall (squared = 50.0%, p = 0.024) <> 2.05 (1.34, 3.16) 100.00
1
NOTE: Weights are from random effects analysis :
T
0173 1 57.9
Study effect %
ID estimates (95% ClI) Weight
|
Yan X ' 13.53 (3.16, 57.94) 8.82
1
Zhao M — 2.10 (1.16, 3.81) 18.58
1
ChenF «—-o— 4.26 (1.64, 11.06) 1375
1
Magleby R —-.—:— 1.24 (0.54, 2.86) 15.30
1
Pettit NN : 0.90 (0.10, 6.50) 5.28
ChenJ e 1.25(0.73,2.13) 19.41
Hwang JM : 0.28 (0.02, 3.75) 371
Atkins JL _— 0.93(0.40, 2.17) 1515
Overall (I-squared =60.7%, p = 0.013) <> 1.78 (1.04, 3.07) 100.00
1
'
NOTE: Weights are from random effects analysis :
: :
0173 1 579

Fig. 2. (A) Forest plot of adjusted hazard ratios for adverse outcomes associated with cerebrovascular disease in patients with COVID-19. (B) Forest plot of
adjusted hazard ratios for in-hospital mortality associated with cerebrovascular disease in patients with COVID-19.
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Fig. 3. Sensitivity analysis.

comorbidities such as hypertension, diabetes, cardiovas-
cular disease, and so on.”’ Cerebrovascular disease, as a
common disease with high mortality, caught the attention

ease with

of researchers.*” To our knowledge, several meta-analyses
have investigated the association of cerebrovascular dis-
the

adverse outcomes in COVID-19
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Fig. 4. (A) Begg’s test. (B) Egger’s test. (C) Deek’s plot.

conditions could affected disease progression of COVID-
19,7 "% and might modulate the association between cere-
brovascular disease and the adverse outcomes in COVID-
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19 patients. Therefore, it is an urgent need to verify this
association by performing a quantitative meta-analysis
based on adjusted effect estimates.

Our current meta-analysis based on adjusted effect esti-
mates showed that there was a positive correlation
between cerebrovascular disease and unfavorable out-
comes, especially fatal outcomes in COVID-19 patients.
This suggests that cerebrovascular disease is an indepen-
dent risk factor for predicting the unfavorable outcomes
in COVID-19 patients. Moreover, studies concluded that
critically ill COVID-19 patients experiencing cytokine
storm and thrombotic complication had a poorer progno-
sis and increased fatality rate,”’”* and that stroke might
be an expression of a severe form of COVID-19. Therefore,
in clinical practice, clinicians should pay more attention to
COVID-19 patients with co-existing cerebrovascular dis-
ease and timely medications were applied to prevent
worse outcomes.

There are still some important limitations in our study.
First, our meta-analysis included only 12 studies due to
the limitation of the number of published articles. Second,
the heterogeneity of our study cannot be ignored. The
subgroup analysis and meta-regression were conducted
to explore the source of heterogeneity, and it was found
in the subgroup analysis that the heterogeneity might
originate from different effect values used in different
studies, but in the meta-regression, no source of heteroge-
neity was found. Third, although the selected studies pre-
sented the adjusted effect estimates, the adjusted
confounders are not completely uniform across studies.
Finally, our study failed to establish a causal relationship
between cerebrovascular disease history and adverse out-
comes in COVID-19 patients on account of the built-in
limitations of observational studies. More rigorous studies
are needed to further test the causal link.

In summary, our study retrieved all multivariate anal-
yses of the relationship between cerebrovascular disease
history and poor prognosis in COVID-19 patients in
three databases, and it is the first systematic review and
meta-analysis that evaluated the relationship between
cerebrovascular disease and adverse outcomes in
COVID-19 patients using adjusted effect estimates. The
pooled effects suggest that cerebrovascular disease is an
independent risk factor for predicting the adverse out-
comes, particularly fatal outcomes, in COVID-19
patients. Well-designed with larger sample size are
needed for further verification.

Author contributions

W.Y.D. and Y. H. Y. designed the analysis; L.X. and
X.W.W. extracted the data; X.J. performed the analysis;
X.J. and S. L. contributed to the statistical analyses and
interpretation; X. J. drafted the manuscript, which was
modified by W. Y. D. and Y. H. Y. All authors read and
approved the final manuscript.

Data availability statement

All data relevant to the study are included in the article
or uploaded as supplementary information.

Statement of ethics

Not required.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans of
this research.

Declaration of Competing Interest

All authors report that they have no potential conflicts
of interest.

Funding: This study was supported by a grant from the
National Natural Science Foundation of China (No.
81973105).

References

1. Pandey AS, Ringer AJ, Rai AT, et al. Minimizing SARS-
CoV-2 exposure when performing surgical interventions
during the COVID-19 pandemic. J Neurointerv Surg
2020;12(7):643-647. https:/ /doi.org/10.1136 /neurint-
surg-2020-016161.

2. Marietta M, Vandelli P, Mighali P, et al. Randomised con-
trolled trial comparing efficacy and safety of high versus
low Low-Molecular Weight Heparin dosages in hospital-
ized patients with severe COVID-19 pneumonia and coa-
gulopathy not requiring invasive mechanical ventilation
(COVID-19 HD): a structured summary of a study proto-
col. Trials 2020;21(1):574. https://doi.org/10.1186/
513063-020-04475-z.

3. Khosravani H, Rajendram P, Notario L, et al. Protected
code stroke: hyperacute stroke management during the
Coronavirus Disease 2019 (COVID-19) pandemic. Stroke
2020;51(6):1891-1895. https://doi.org/10.1161/stro-
keaha.120.029838.

4. Chen R, Liang W, Jiang M, et al. Risk factors of fatal out-
come in hospitalized subjects with Coronavirus Disease
2019 from a nationwide analysis in China. Chest 2020;158
(1):97-105. https:/ /doi.org/10.1016 /j.chest.2020.04.010.

5. Aggarwal G, Lippi G, Michael Henry B. Cerebrovascular
disease is associated with an increased disease severity in
patients with Coronavirus Disease 2019 (COVID-19): a
pooled analysis of published literature. Int. J. Stroke 2020;15
(4):385-389. https:/ /doi.org/10.1177 /1747493020921664.

6. Chen J, Bai H, Liu J, et al. Distinct clinical characteristics
and risk factors for mortality in female COVID-19 inpa-
tients: a sex-stratified large-scale cohort study in Wuhan,
China. Clin Infect Dis 2020. https://doi.org/10.1093/
cid/ciaa920.

7. Ashrafi F, Zali A, Ommi D, et al. COVID-19-related
strokes in adults below 55 years of age: a case series. Neu-
rol Sci 2020:1-5. https://doi.org/10.1007/s10072-020-
04521-3.

8. Palaiodimos L, Kokkinidis DG, Li W, et al. Severe obesity
is associated with higher in-hospital mortality in a cohort


https://doi.org/10.1136/neurintsurg-2020-016161
https://doi.org/10.1136/neurintsurg-2020-016161
https://doi.org/10.1186/s13063-020-04475-z
https://doi.org/10.1186/s13063-020-04475-z
https://doi.org/10.1161/strokeaha.120.029838
https://doi.org/10.1161/strokeaha.120.029838
https://doi.org/10.1016/j.chest.2020.04.010
https://doi.org/10.1177/1747493020921664
https://doi.org/10.1093/cid/ciaa920
https://doi.org/10.1093/cid/ciaa920
https://doi.org/10.1007/s10072-020-04521-3
https://doi.org/10.1007/s10072-020-04521-3

10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

of patients with COVID-19 in the Bronx, New York.
Metabolism 2020;108. https://doi.org/10.1016 /j.
metabol.2020.154262.

. Chen R, Liang W, Jiang M, et al. Risk factors of fatal out-

come in hospitalized subjects with Coronavirus Disease
2019 from a nationwide analysis in China. Chest 2020.
https://doi.org/10.1016/j.chest.2020.04.010.

Liang X, Shi L, Wang Y, et al. The association of hyper-
tension with the severity and mortality of COVID-19
patients: evidence based on adjusted effect estimates. J
Infect 2020;81(3):e44-e47. https://doi.org/10.1016/j.
jinf.2020.06.060.

Peterson J, Welch V, Losos M, et al. The Newcastle-
Ottawa scale (NOS) for assessing the quality of nonrand-
omised studies in meta-analyses. 2011.

Hardy RJ, Thompson SG. Detecting and describing het-
erogeneity in meta-analysis. Stat Med 1998;17(8):841-856.
https:/ /doi.org/10.1002/ (sici)1097-0258(19980430)
17:8<841::aid-sim781>3.0.co;2-d.

Cumpston M, Li T, Page MJ, et al. Updated guidance for
trusted systematic reviews: a new edition of the Cochrane
Handbook for Systematic Reviews of Interventions.
Cochrane Database Syst Rev 2019;10:Ed000142 . https:/ /
doi.org/10.1002/14651858.Ed000142.

Lin L, Chu H. Quantifying publication bias in meta-anal-
ysis. Biometrics 2018;74(3):785-794. https://doi.org/
10.1111/biom.12817.

Deeks JJ, Macaskill P, Irwig L. The performance of tests of
publication bias and other sample size effects in system-
atic reviews of diagnostic test accuracy was assessed. ]
Clin Epidemiol 2005;58(9):882-893. https://doi.org/
10.1016/j.jclinepi.2005.01.016.

Zhao J, Cheng W, He X, et al. The co-colonization preva-
lence of Pseudomonas aeruginosa and Aspergillus fumi-
gatus in cystic fibrosis: a systematic review and meta-
analysis. Microb Pathog 2018;125:122-128. https://doi.
org/10.1016/j.micpath.2018.09.010.

Yan X, Li F, Wang X, et al. Neutrophil to lymphocyte
ratio as prognostic and predictive factor in patients with
coronavirus disease 2019: a retrospective cross-sectional
study. ] Med Virol 2020. https://doi.org/10.1002/
imv.26061.

Zhao M, Wang M, Zhang J, et al. Comparison of clinical
characteristics and outcomes of patients with coronavirus
disease 2019 at different ages. Aging 2020;12(11):10070-
10086. https:/ /doi.org/10.18632/aging.103298.

Chen F, Sun W, Sun S, et al. Clinical characteristics and
risk factors for mortality among inpatients with COVID-
19 in Wuhan, China. Clin Transl Med 2020. https://doi.
org/10.1002/ctm?2.40.

Choi MH, Ahn H, Ryu HS, et al. Clinical characteristics
and disease progression in early-stage COVID-19
patients in South Korea. J Clin Med 2020;9(6). https://
doi.org/10.3390/jcm9061959.

Guan W], Liang WH, Zhao Y, et al. Comorbidity and its
impact on 1590 patients with COVID-19 in China: a
nationwide analysis. Eur Respir ] 2020;55(5). https:/ /doi.
org/10.1183/13993003.00547-2020.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

J. XUET AL.

Magleby R, Westblade LF, Trzebucki A, et al. Impact of
SARS-CoV-2 viral load on risk of intubation and mortality
among hospitalized patients with coronavirus disease 2019.
Clin Infect Dis 2020. https:/ /doi.org/10.1093/cid / ciaa851.
Pettit NN, MacKenzie EL, Ridgway ], et al. Obesity is
associated with increased risk for mortality among hospi-
talized patients with COVID-19. Obesity 2020. https://
doi.org/10.1002/0by.22941.

Hwang JM, Kim JH, Park ]S, et al. Neurological diseases
as mortality predictive factors for patients with COVID-
19: a retrospective cohort study. Neurol Sci 2020:1-8.
https://doi.org/10.1007 /s10072-020-04541-z.

Yang Y, Ding L, Zou X, et al. Visceral adiposity and high
intramuscular fat deposition independently predict criti-
cal illness in patients with Sars-COV-2. Obesity 2020.
https:/ /doi.org/10.1002/0by.22971.

Atkins JL, Masoli JAH, Delgado ], et al. Preexisting
comorbidities predicting COVID-19 and mortality in the
UK biobank community cohort. ] Gerontol A Biol Sci
Med Sci 2020. https://doi.org/10.1093/gerona/glaal83.
Xiong TY, Huang FY, Liu Q, et al. Hypertension is a risk
factor for adverse outcomes in patients with coronavirus
disease 2019: a cohort study. Ann Med 2020:1-6. https://
doi.org/10.1080/07853890.2020.1802059.

Xie W, Campbell S, Zhang W. Working memory capacity
predicts individual differences in social-distancing com-
pliance during the COVID-19 pandemic in the United
States. PNAS 2020. https://doi.org/10.1073/
pnas.2008868117.

Lodigiani C, Iapichino G, Carenzo L, et al. Venous and
arterial thromboembolic complications in COVID-19
patients admitted to an academic hospital in Milan, Italy.
Thromb Res 2020;191:9-14. https://doi.org/10.1016/j.
thromres.2020.04.024.

Aggarwal G, Lippi G, Michael Henry B. Cerebrovascular
disease is associated with an increased disease severity in
patients with Coronavirus Disease 2019 (COVID-19): a
pooled analysis of published literature. Int J Stroke 2020;15
(4):385-389. https:/ /doi.org/10.1177 /1747493020921664.
Wang Y, Shi L, Wang Y, et al. Cerebrovascular disease is
associated with the risk of mortality in coronavirus dis-
ease 2019. Neurol Sci 2020;41(8):2017-2019. https://doi.
org/10.1007/s10072-020-04542-y.

Pranata R, Huang I, Lim MA, et al. Impact of cerebrovas-
cular and cardiovascular diseases on mortality and sever-
ity of COVID-19-systematic review, meta-analysis, and
meta-regression. ] Stroke Cerebrovasc Dis 2020;29
(8):104949, https:/ /doi.org/10.1016/j.jstrokecerebro-
vasdis.2020.104949.

Al-Ani F, Chehade S, Lazo-Langner A. Thrombosis risk
associated with COVID-19 infection. A scoping review.
Thromb Res 2020;192:152-160. https://doi.org/10.1016/
j-thromres.2020.05.039.

Bhaskar S, Sinha A, Banach M, et al. Cytokine storm in
COVID-19-immunopathological mechanisms, clinical con-
siderations, and therapeutic approaches: the REPRO-
GRAM consortium position paper. Front Immunol
2020;11:1648. https:/ /doi.org/10.3389 / fimmu.2020.01648.


https://doi.org/10.1016/j.metabol.2020.154262
https://doi.org/10.1016/j.metabol.2020.154262
https://doi.org/10.1016/j.chest.2020.04.010
https://doi.org/10.1016/j.jinf.2020.06.060
https://doi.org/10.1016/j.jinf.2020.06.060
https://doi.org/10.1002/(sici)1097-0258(19980430)17:8<841::aid-sim781>3.0.co;2-d
https://doi.org/10.1002/(sici)1097-0258(19980430)17:8<841::aid-sim781>3.0.co;2-d
https://doi.org/10.1002/(sici)1097-0258(19980430)17:8<841::aid-sim781>3.0.co;2-d
https://doi.org/10.1002/(sici)1097-0258(19980430)17:8<841::aid-sim781>3.0.co;2-d
https://doi.org/10.1002/14651858.Ed000142
https://doi.org/10.1111/biom.12817
https://doi.org/10.1016/j.jclinepi.2005.01.016
https://doi.org/10.1016/j.micpath.2018.09.010
https://doi.org/10.1002/jmv.26061
https://doi.org/10.1002/jmv.26061
https://doi.org/10.18632/aging.103298
https://doi.org/10.1002/ctm2.40
https://doi.org/10.3390/jcm9061959
https://doi.org/10.1183/13993003.00547-2020
https://doi.org/10.1093/cid/ciaa851
https://doi.org/10.1002/oby.22941
https://doi.org/10.1007/s10072-020-04541-z
https://doi.org/10.1002/oby.22971
https://doi.org/10.1093/gerona/glaa183
https://doi.org/10.1080/07853890.2020.1802059
https://doi.org/10.1073/pnas.2008868117
https://doi.org/10.1073/pnas.2008868117
https://doi.org/10.1016/j.thromres.2020.04.024
https://doi.org/10.1016/j.thromres.2020.04.024
https://doi.org/10.1177/1747493020921664
https://doi.org/10.1007/s10072-020-04542-y
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104949
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104949
https://doi.org/10.1016/j.thromres.2020.05.039
https://doi.org/10.1016/j.thromres.2020.05.039
https://doi.org/10.3389/fimmu.2020.01648

